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Carbonate Mineral Reactions During Combustion Re-
torting of Oil Shale

Oil shale generally contains approximately 50% min-
eral carbonates by weight. During combustion retorting
some or all of these carbonates decompose and/or react
with other mineral species in the shale. Because the heat
requirement for these reactions is large, they have a
strong influence on the retorting process.

Data on the kinetics of decomposition of the major
carbonates in oil shale have been obtained with heating
rates and gas environments (N2, CO2 and H;0) expect-
ed during typical combustion retorting.

Activation energies and preexponential factors char-
acterizing the rate constants for these reactions have
been expressed in a form amenable for use in mathe-
matical models of the retorting process. X-ray data on
the final-product mineral phases in fully burned oil
shale indicate them to be mainly members of the aker-
manite-gehlenite series, merwinite, and diopside. These
products are formed by reactions between carbonates in
the solid state and/or their oxides and other minerals in
the shale.

These results have implications for the processing and
environmental aspects of oil shale retorting.
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Major Petroleum-Impregnated Rock Deposits of West-
ern Colorado Plateau

Petroleum-impregnated rock deposits occur widely in
rocks of Permian to Tertiary age in the western Colo-
rado Plateau of Arizona and Utah. Although over 60
occurrences and deposits have been recognized to date,
only six, all in Utah, are estimated to contain over one
billion bbl of petroleum in place.

Two giant deposits occur in marine and marginal ma-
rine strata in the dissected plateau region of southeast-
ern Utah. The largest of these, and the largest single
known deposit in the United States, is the Tar Sand
Triangle. It underlies approximately 225 sq mi (585 sq
km), and is estimated to contain as much as 16 billion
bbl of petroleum, principally in the White Rim Sand-
stone (Permian).

The Circle Cliffs deposit contains approximately 1.3
billion bbl of petroleum in siltstone and sandstone of
the Moenkopi Formation (Triassic). The deposit under-
lies an area of approximately 28 sq mi (73 sq km) on
both sides of a breached anticline. Several similar, but
smaller deposits occur in the Moenkopi Formation to
the north, in the Capitol Reef anticline, and in the San
Rafael uplift.

The remaining giant deposits are located in the Uinta
basin, and all contain petroleum which probably origi-
nated in the lacustrine Green River Formation (Eo-
cene). These deposits include P. R. Spring, Hill Creek,
Sunnyside, Asphalt Ridge, and Asphalt Ridge North-
west.

The total amount of petroleum contained in these de-
posits in the Tar Sand Triangle and Uinta basin ap-
proaches a resource base of 29 billion bbl. The deposits
are variable, and each offers a variety of technologic
and economic challenges.
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Lower Permian Depositional Systems, “Uncompahgre”
Basin, Eastern Utah and Southwestern Colorado

Studies of depositional systems of the predominantly
Wolfcampian Cutler Formation in the “Uncompahgre”
(Paradox) basin have outlined five fluvial and two ma-
rine facies with associated eolian deposits. Outward
from the source, the fluvial facies include (1) proximal
braided, which consists of a fan-building sequence and
a very coarse-grained fanhead sequence; (2) medial
braided; (3) distal braided; and (4) 50 and (5) 100%
meandering sequences. The braided facies outline three
large (40 to 60-km radius) fluvial or wet fans: the Gate-
way fan in the northern part of the basin developed to
the southwest of the Uncompahgre highland; the San
Miguel fan in the central part of the basin formed to the
south off the southern end of the Uncompahgre high-
land; and the Piedra fan in the southeastern part of the
basin developed to the west off the San Luis highland.

The marine and eolian deposits occur only in the
northern part of the basin around the Gateway fan.
Transition of the streams from distal-braided to coarse-
grained meandering occurred at the toe of the fan,
which was near sea level. Westward of the toe, mean-
dering became more common. A marine transgression
occurred early during fan development, resulting in de-
position of the limestones and shales of the Rico, or
Elephant Canyon Formation of Baars. In a later marine
invasion from the southwest, limestones, sandstones,
and shales were deposited that are lateral equivalents of
Cedar Mesa Member of the Cutler Formation. The eoli-
an facies are closely related stratigraphically and geo-
graphically to the marine facies and are thus considered
deposits of a coastal dune field.

The San Miguel and Piedra fluvial systems coalesced
approximately along the present course of the Animas
River. Transition of both systems from distal braided to
coarse-grained meandering occurred along their south-
west flanks and may also occur along their northeast
flanks where reliable information is lacking.
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Trapping and Accretion of Aeolian Sediment by Cya-
nophytes

The accretion of sediment by cyanophytes is usually
associated with sediment trapping and precipitation of
minerals by stromatolites in the marine intertidal and
subtidal zones. Stromatolitic structures are also known
to form in freshwater streams, lakes, and hot springs.
All of these structures originate in aquatic environ-
ments. Current work suggests similar biogenic struc-
tures can form on dry land. Aeolian quartz sands as
well as silt- and clay-size particles are trapped and held
by filamentous cyanophytes which intertwine to form
networks around the sand grains, and to whose sheaths
the smaller particles adhere. Trapping and accretion oc-
cur whenever enough moisture is present to rehydrate
dormant organisms and allow them to migrate by glid-
ing motility to the surface of the mat. Such movements
are accompanied by renewed production of polysac-
charide sheath. The organo-sedimentary structures



